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Atty.Ref.No.011083 

REMARKS/ARGUMENTS 

Claims 1, 3, 5, 7-8, 11, 16-17 and 19-20 have been amended by this Amendment. None 
of the claims that have been amended claim any new subject matter that was not included in the 
originally submitted claims. Claims 2, 6, 10, 15 and 18 have been canceled. Claims 1, 3-5, 7-9, 
11-14, 16-17 and 19-21 are currently pending in the application, are rejected, and are at issue. 
Substitute Specification 

Applicants have made extensive amendments to the specification to place the various 
trademarks/trade names used therein in all capital letters. Applicants have also amended the 
specification to correct the ambiguous fimctional group and to correct the formulas of the well 
known lubricants found in Table 1 . The well known lubricants have been fully set forth in the 
specification, and the corrections to Table 1 are for clarification purposes only. Applicants 
submit that the number of amendments renders it difficult to consider the application or to 
arrange the papers for printing or copying. Accordingly, pursuant to 37 C.F.R. § 1 . 125, 
Applicants are submitting herewith a substitute specification which includes all of the changes in 
clean form without markings. Also submitted herewith is a marked-up version of the substitute 
specification showing all of the changes to the specification of record in red. Applicants submit 
that the substitute specification includes no new matter. Acceptance of the substitute 
specification is respectfiiUy requested. 
$112 Claim Rejections 

The Examiner has rejected claims 1-21 under § 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which Applicants 
regard as the invention. Specifically, the Examiner has indicated that claims 1, 7, 1 1 and 19 
contain an improper and ambiguous fimctional group formula that is not consistent with the 
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group in FOMBLIN Z-DISOC. Additionally, the Examiner has indicated that claims 3, 5-6, 8, 
10, 16-18 and 20 contain trademarks/trade names. In response, Applicants have amended the 
fimctional group formula and have deleted the trademark/trade names from the claims. 
AppUcants submit that the currently pending claims, as amended, overcome the Examiner's 
rejections. 

S 102 Claim Rejections 

Claims 1, 3, 5, 7-8, 11,13, 16-17 and 19-20 stand rejected under § 102(b) as anticipated 
by U.S. Patent No. 5,143,787 to Frew et al. (" Frew "). Applicants respectfully traverse the 
Examiner's rejections for at least the following reasons. 

Independent claim 1 , as amended, recites a protective overcoat layer including a carbon- 
containing layer, wherein the carbon-containing layer comprises an F-doped carbon layer. 
Similarly, independent claim 1 1, as amended, recites a method of protecting a magnetic 
recording disc including the step of depositing a carbon-containing layer on a magnetic recording 
media, wherein the carbon-containing layer comprises an F-doped carbon layer. Frew is devoid 
of any teaching or suggestion of providing a carbon layer doped with fluorine. 

Frew teaches the use of a non-doped carbon layer bonded to a lubricant. The lubricant in 
Frew is described as having a thickness of 40-90 A (col. 7, his. 59-61; col. 9, Ins. 14-16). By 
using the generally thicker lubricants taught by Frew, the problems of spin-off and lube depletion 
are typically not a concem. Additionally, the generally thicker lubricants taught in Frew, do not 
bond well with doped carbon. Thus, Frew includes no suggestion of using a carbon layer per se,. 
yet alone a carbon layer doped with fluorine. Accordingly, Applicants submit that independent 
claims 1 and 1 1 are allowable over Frew. 
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S 103 Claim Rejections 

Claim 14 stands rejected under § 103(a) as obvious over Frew as applied to claim 1 1 . 
Claim 2 stands rejected under § 103(a) as obvious over Frew as applied to claims 1 and 1 1 in 
view of U.S. Patent No. 5,227,21 1 to Eltoukhy et al. ("Eltoukhy"). Claims 4, 9, 12 and 21 stand 
rejected under § 103(a) as being obvious over Frew as applied to claims 1 and 1 1 in view of U.S. 
Patent No. 5,049,410 to Johary et al. ("Johary"). Applicants respectfully transverse the 
Examiner's rejections for at least the following reasons. 

Independent claims 1 and 1 1 have been amended to recite that the carbon-containing layer 
comprises an F-doped carbon layer. This limitation is neither taught nor suggested in any of the 
references cited by the Examiner. 

Neither Eltoukhv nor Joharv include any teaching or suggestion of providing a carbon 
layer doped with fluorine. The Examiner has provided no indication of where either Eltoukhv or 
Joharv include any such teaching of doping the carbon layer with fluorine. 

Eltoukhv teaches the use of a carbon layer doped with hydrogen or nitrogen bonded to a 
lubricant. The carbon layer in Eltoukhv is described as having a thickness of 300-500 A (col. 2, 
Ins. 49-5 1; col. 6, Ins. 45-48). Thick carbon layers as taught in Eltoukhv normally have minimal 
pinholes and are corrosion resistant. As the thickness of the carbon layer decreases, so do its 
corrosion resistance properties. As taught by the present invention, doping the carbon layer with 
fluorine allows for a thin carbon layer that bonds well with the lubricant and has good corrosion 
resistance properties. Thus, by teaching use of a thick carbon layer, Eltoukhv includes no 
suggestion of using a carbon layer doped with fluorine to provide a thin carbon layer that bonds 
well to the lubricant. 
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Joharv includes no teaching of doping the carbon layer. Joharv is concerned solely with 
the lubricant layer and includes no suggestion of doping the carbon layer per se, yet alone doping 
the carbon layer with fluorine. 

Doping the carbon layer with fluorine provides a Teflon®-type carbon coating for the 
inventive protective overcoat which enhances the durability of the overcoat. Additionally, the F- 
doped carbon bonds well with the perfluoropolyether lubricant having an -NCO functional end 
group, and results in a protective overcoat layer having a low surface energy. As a result of the 
low siuface energy, the inventive carbon/lubricant overcoat will not adsorb water and other 
contaminants, thus reducing the risk of media corrosion. The strong bond between the carbon 
and lubricant layers helps to prevent the lubricant from being displaced. The enhanced bonding 
between the carbon and lubricant layers also aids in minimizing the thickness of the protective 
overcoat required to adequately protect the magnetic recording media. Even with a thin overcoat 
layer as contemplated by the present invention, the inventive protective overcoat exhibits 
enhanced corrosion resistance properties which heretofore have not been achieved with thin 
overcoat layers on the order of 40 A or less. 

Accordingly, claims 2, 4, 9, 12, 14 and 21 are believed allowable over the prior art of 
record. The deficiencies with respect to Frew regarding the F-doped carbon layer have been 
previously noted. Neither Eltoukhv nor Joharv disclose or suggest these deficiencies. 
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Conclusion 

In summary, none of the references cited by the Examiner teach or suggest providing a 
carbon layer doped with fluorine bonded to a lubricant having an -NCO functional end group as 
the protective overcoat. Doping the carbon layer with fluorine provides enhanced bonding 
between the carbon and lubricant layers, and allows for thinner layers of carbon and lubricant 
without sacrificing protection of the magnetic recording media. 

For at least the above-identified reasons, Apphcants submit that claims 1, 3-5, 7-9, 11-14, 
16-17 and 19-21 are allowable over the prior art of record. Reconsideration of pending claims 1, 
3-5, 7-9, 1 1-14, 16-17 and 19-21, allowance and passage to issue are respectfiiUy requested. 

It is believed that this Amendment requires a one (1) month extension of time. 
Accordingly, a petition for a one (1) month extension of time and a check in the amount of 
$1 10.00 for the one-month extension fee are enclosed herewith. The Commissioner is hereby 
authorized to charge any underpayment or credit any overpayment associated with this 
communication to Deposit Accoimt No. 02-4553. 



RespectfiiUy submitted, 
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PROTECTIVE OVERCOAT LAYER FOR MAGNETIC RECORDING Q § O 



DISCS HAVING ENHANCED CORROSION RESISTANCE PROPERTIES ^ ^ 

CROSS-REFERENCE TO RELATED APPLICATIONS q£ 

This application claims the benefit of co-pending provisional patent appUcation Serial 
No. 60/256,858 entitled "Magnetic Recording Media Containing a Lubricant Layer with 
Enhanced Corrosion Performance", filed on December 19, 2000, the entire disclosure of which is 
incorporated by reference herein. 



FIELD OF THE INVENTION 

The present invention is directed generally toward magnetic recording media and, more 
particularly, toward a protective overcoat layer for magnetic recording media having enhanced 
corrosion performance properties. 

BACKGROUND OF THE INVENTION 

Conventional magnetic disc drives basically include magnetic recording discs having 
magnetic recording media thereon for magnetic storage, a read/write head for reading and 
writing data from and to the magnetic recording media, and electronics to control all of the basic 
drive functions. The maj ority of the current generation magnetic hard disc drives use a contact 
stop-start (CSS) interface method for reading and writing data from and to the magnetic 
recording disc. In a conventional CSS method, the read/write head begins to slide against the 
surface of the magnetic recording disc as the disc begins to rotate. Upon the disc reaching a 
predetermined rotational speed, the read/write head will float in the air above the surface of the 
disc and is maintained at a predetermined height ("fly height") during reading and writing 



operations. Upon termination of the read/write operation, the rotation of the magnetic recording 
disc will slow and the read/write head will begin to slide against the surface of the disc, 
eventually stopping in contact with, and pressing against, the disc. Each time a read or write 
operation is initiated, the read/write head repeats the sequence of sliding against the surface of 
the disc, floating in the air, sliding against the surface of the disc, and stopping in contact with 
the disc. The sliding of the read/write head against the disc causes wear to the disc siurface. 

The magnetic recording media on the magnetic recording disc is currently protected from 
mechanical damage by two thin film coatings. These coatings typically include a thin layer of 
carbon overcoat (approximately 30-50 A thick) and a layer of lubricant (approximately 15-25 A 
thick). The carbon layer is applied to the magnetic recording media and protects the magnetic 
layer against damage from direct contact with the read/write head, and also serves as a corrosion 
barrier to prevent oxidation of the magnetic layer. The layer of lubricant is applied to the carbon 
layer and has viscous properties to reduce shear stresses between the read/write head and disc 
during contact. 

In order to increase the recording areal density of magnetic recording discs, the read/write 
head-recording media separation, which includes fly height, poll-tip recession, overcoats on the 
recording media and on the read/write head, and lubricant on the recording media, must be 
reduced. For example, in order to improve the signal-to-noise ratio (SNR) in reading and writing 
from and to a disc having an areal density of approximately 100 Gbit/in , the read/write head 
must fly very close to the recording media surface, almost in contact therewith. The desire to 
reduce head-to-media separation limits the thickness of the protective thin films that may be 
applied for wear and corrosion resistance. If the carbon overcoat layer becomes so thin that is 
not continuous, environmental oxidizing species, such as water and other contaminants, will 



contact the recording media causing media corrosion. Media corrosion is a major cause of disc 
drive failure. Also, the read/write head may come into direct contact with the recording media 
causing wear to, and loss of, the recording media. 

To improve the reliabiUty of the thin carbon overcoat, improving the properties of the 
overcoat alone may not be sufficient. As previously noted, a thin lubricant layer is applied to the 
carbon overcoat and serves as an additional protective layer to the recording media. However, 
the thin lubricant layer must provide not only corrosion protection to the recording media, but 
should also provide good bonding and work well with the carbon overcoat. If the lubricants are 
not strongly bonded to the carbon overcoat layer, water and contaminants can displace them and 
render them ineffective for corrosion protection. 

Magnetic recording discs typically include a substrate, such as an aluminum-magnesium 
(AlMg) or a silicon-oxide (Si02) alloy, and a magnetic recording medium, typically either a 
cobalt based metal alloy or a gamma iron oxide film. In order to prevent corrosion of the 
magnetic recording medium, a protective overcoat, such as a sputter-deposited carbon-containing 
overcoat, is formed over the magnetic recording medium layer. A lubricant layer, such as a 
fluoroether lubricant, is often applied to the carbon-containing overcoat for further protection to 
reduce the shear stresses between the read/write head and disc during contact. However, if the 
lubricant layer does not bond well with the carbon-containing layer, lubricant will tend to deplete 
due to spin-off during operation of the magnetic disc drive. If the lubricant layer is too thin, the 
read/write head can cause damage or wear to the disc surface. If the lubricant layer is too thick, 
the read/write head can become stuck to the surface when the disc drive is tumed off, causing 
damage to the disc and/or the read/write head when the disc drive is turned back on. In addition 
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to being viscous to reduce the shear stresses between the read/write head and disc, the lubricant 
should also exhibit corrosion resistance properties to aid in preventing media corrosion. 

A necessary condition for media corrosion is the contact of the magnetic media with 
environmental oxidizing species, such as water and other contaminants. If these environmental 
oxidizing species can be denied access to the magnetic media, media corrosion can be effectively 
prohibited. In an effort to reduce media corrosion, it is proposed to utilize a lubricant/carbon 
overcoat having a very low surface energy. As a result of such low surface energy, the 
lubricant/carbon overcoat surface will not adsorb water and other contaminants, thus reducing 
the risk of media corrosion. While most of the conventional lubricants used for magnetic 
recording discs have a very low surface energy, less than 25 mJ/m^, if these lubricants are not 
strongly bonded to the carbon surface, as is often the case, water and other contaminants can 
displace the lubricants thus rendering them ineffective for corrosion protection. Therefore, 
strong bonding between the lubricants and carbon layers is a key in enhancing the media 
corrosion performance of the lubricant/carbon protective overcoat. 

The present invention is directed toward overcoming one or more of the above-mentioned 
problems. 

SUMMARY OF THE INVENTION 

A protective overcoat layer having enhanced corrosion resistance properties is provided 
according to the present invention for use on magnetic recording discs. The protective overcoat 
layer includes a carbon layer, and a lubricant layer on top of the carbon layer, with the lubricant 
layer having M^€iNiQ fimctional end group. The carbon layer may have a thickness less than 40 
A, while the lubricant layer may have a thickness is less than 20 A. 



-4- 



In one form, the carbon layer is doped with either hydrogen (H-doped), nitrogen (N- 
doped) or fluorine (F-doped). The lubricant Z-disoc, commercially available from Montedison 
S.p.A. of Milan, Italy under the "FOMBLIN" tradename, is the one lubricant having a >CN& 
functional end group. 

In another form, the lubricant layer includes a mixture of Z - dicoc and other functional 
and/or non-functional perfluoropolyether lubricants. Examples of functional perfluoropolyether 
lubricants that may be included in the mixture are Z dtac , Z ' dol , Z dol TX and Z-tefe^^while 
examples of non-functional perfluoropolyether lubricants that may be included in the mixture are 
Z-15 and Z-25, with all of the above-identified perfluoropolyether lubricants also commercially 
available from Montedison S.p.A. of Milan, Italy under that "FOMBLIN" tradename. The 
concentration of'&iisee that may be present in the mixture can range from 1-100%. The 
chemical structures of each of the perfluoropolyether lubricants is provided below in Table 1. 

Table 1 



Lubricant 



Formula 



( Cfl©)^ -CK,° Cfe/Zs (^^2) ° 
QCN (Cbii4)MicQ-cr2-o (cri-cr^ 0)m (CFi o),, cti cq mi 
(C0H4) C H 2>Jc e° 



eiaOCIIiGII(OII)0IIiQII 
Z-15 ciiO - ^C/C^^^^^X " 

• crj ■ en u 0 - (CFi - GFi " o)p ^ (crjO)q " crj - crj 

Z-25 ^yJcD- CcXCf^O^^ - ^<1/C0)«- Cf=r 

CFi on 0 - (CFi i GFi ■ 0)p (OriO)fl CFi CFi 



In yet another form, the lubricant layer includes first and second layers of lubricant. The 

AO -/J CO 

first layer is deposited on top of the carbon layer and includes a lubricant having «i? ON© 
fiinctional end group, such as g diso «. The second layer is deposited on top of the first layer and 
includes the other fiinctional and/or non-fimctional perfluoropolyether lubricants previously 
mentioned. The first layer of lubricant preferably has a thickness between 1-15 A, with the 
second layer of lubricant having a thickness such that the total thickness of the first and second 
lubricant layers is less than 20 A. 

A method of protecting a magnetic recording disc including a disc substrate having 
magnetic recording media thereon is also provided according to the present invention. The 
inventive method includes the steps of depositing a carbon layer on the magnetic recording 
media, and depositing a lubricant layer on the carbon layer, the lubricant layer having «• 01 if© 
fimctional end group. The carbon layer may be deposited on the magnetic recording media using 
a variety of techniques, such as, but not limited to, DC magnetron sputtering, RF sputtering, . 
PVD (Physical Vapor Deposition), CVD (Chemical Vapor Deposition), PECVD (Plasma- 
Enhanced Chemical Vapor Deposition), ion-based beam or cathodic arc processes. The lubricant 
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layer maybe deposited on the carbon layer by a variety of techniques, such as, but not limited to, 
in-situ or ex-situ dip-lube or vapor lube processes. 

It is an aspect of the present invention to reduce head-to-media separation in magnetic 
disc drives. 

It is a further aspect of the present invention to reduce the signal-to-noise ratio in 
magnetic disc drives. 

It is yet a further aspect of the present invention to improve the corrosion resistance 
properties of the protective overcoat layer used on magnetic recording discs. 

It is an additional aspect of the present invention to reduce the overall thickness of the 
protective overcoat layer used on magnetic recording discs. 

It is yet an additional aspect of the present invention to improve the bonding between the 
lubricant and carbon layers utilized as a protective overcoat for magnetic recording discs. 

Other aspects and advantages of the present invention can be obtained from a study of the 
specification, the drawings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of a schematic of a magnetic recording disc having a protective 
overcoat layer according to the present invention; 

Fig. 2 is a graph of water contact angle versus lubricant type illustrating the water contact 
angle for various types of lubricants utilized in a protective overcoat layer; 

Fig. 3 is a graph of lubricant thickness versus type of lubricant illustrating the maintained 
lubricant after degrease for various types of lubricants utilized in a protective overcoat layer; 
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Fig. 4 is a graph of corrosion charge versus type of lubricant illustrating the potentiostatic 
corrosion charge for both Z diooc and Z^tctmoj! utilized as a lubricant in a protective overcoat 
layer; and 

Fig. 5 is a side view of a schematic of a magnetic recording disc including a protective 
overcoat layer according to an additional embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig.l illustrates a magnetic recording disc, shown generally at 10, incorporating a 
protective overcoat layer 12 in accordance with the present invention. The magnetic recording 
disc 10 includes a disc substrate 14, typically made of AlMg, glass, quartz. Si, SiOz or ceramic, 
and a magnetic recording medium layer 16, typically made of a cobalt based metal alloy or a 
gamma iron oxide film. However, both the disc substrate 14 and the magnetic recording medixmi 
layer 16 can be made of other materials without departing from the spirit and scope of the 
present invention. 

The protective overcoat layer 12 includes a carbon-containing layer 18 deposited on top 
of the magnetic recording medium 16, and a lubricant layer 20 deposited on top of the carbon- 
containing layer 18. The carbon-containing layer 18 includes a thin amorphous carbon overcoat 
of doped or non-doped carbon. The carbon may be doped with hydrogen (H-doped), nitrogen 
(N-doped), fluorine (F-doped), and the like. Non-doped carbons may include, but are not limited 
to, carbons such as a filtered cathodic arc carbon. While the carbon-containing layer 18 may 
have a thickness W of up to 100 A, one example of the thickness W of the carbon-containing 
layer 18 is less than 40 A. The carbon-containing layer 18 may be deposited onto the magnetic 
recording medium 16 using a variety of techniques, including, but not limited to, DC magnetron 
sputtering, RF sputtering, PVD, CVD, PECVD, ion-beam or cathodic arc processes. 
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The lubricant layer 20 includes a low surface energy lubricant having a^OfQ functional 
end group. Such a lubricant has been found to interact strongly with the carbon-containing layer 
18. One such lubricant that has »J^CNO functional end group is S-dfscrc. The lubricant g dicoo « 
has a very high contact angle, which means that it also has a low surface energy. Due to the low 
surface energy, 8-di30C will not adsorb water and other contaminants which are a major cause of 
media corrosion. In addition to Z diooc , any other lubricants having ^QNO as a functional end 
group that interacts strongly with carbon may be utilized without departing from the spirit and 
scope of the present invention. While the lubricant layer 20 may have thickness X of up to 25 A, 
one example of the thickness X of the lubricant layer 20 be less than 20 A. The lubricant layer 
20 may be appHed by a variety of techniques, including, but not Umited to, in-situ or ex-situ dip- 
lube or vapor lube processes. 

The inventive protective overcoat 12 has been tested for corrosion performance and 

found to possess better corrosion properties than any of the carbon/lubricant overcoats currently 

in use. The protective overcoat layer 12 that was tested utiUzed the lubricant 20 having a 

functional end group as and more specifically the lubricant &-As©c. The' Z diooo * 

lubricant layer 20 was applied, using a dip-lube process, onto the sputter deposited amorphous 

2-T>lSoC 

carbon overcoat layer 18 (H- and N-doped). The lubricant properties of & diooe were then 
compared with other lubricants, namely, g totoo l, Z diao and Z-15, all of which were applied 
under the same deposition conditions to the same H- and N-doped carbon overcoat. All of the 
lubricants had a thickness of approximately 20 A. As shown in Fig. 2, of all the lubricants 
tested, the g diooc lubricant had the highest water contact angle (WCA), and thus the best 
corrosion resistance properties. As shown in Fig. 2, the Z ' diaoe had a water contact angle of a 
little over 110**, compared with the water contact angles of the other lubricants of Z tot^aol (a 
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little over 80*"), Z-15 (approximately 70**) and E - diae (approximately 60**). The higher the water 
contact angle of the lubricant the better it is at repelling water and other contaminants, and thus is * 
more effective in preventing media corrosion. Of the lubricants tested, the a dioac lubricant 
clearly had the best corrosion resistant properties. 

Using the same tested lubricants as described above, applied under the same deposition 
conditions to the same H- and N-doped carbon overcoat, the percentage of lubricant bonding to 
the carbon overcoat was evaluated and the results are illustrated in Fig. 3. The graph of Fig. 3 
illustrates the thickness of the retained lubricant after a conventional degrease. As shown in Fig. 
3, the lubricant thickness measurement indicates a higher bonded lube ratio to the carbon layer 
utilizing S d i oae as compared to the other lubricants. The initial thickness of the lubricants was 
20 A, and as shown in Fig. 3 after a conventional degrease, the Z^di ' soe lubricant still maintained 
a thickness of approximately 16 A, while only approximately 9 A of both Z diac and g^totraol* 
remained, and only approximately 6 A of remained. Thus, in addition to having the highest 
water contact angle of any of the lubricants tested, the Z disoe lubricant also had the highest 
bonded lube ratio to the carbon layer. The higher the bonded lube ratio of the lubricant to the 
carbon layer, the stronger the bond formed between the lubricant and the carbon layer and the 
less likely the lubricant is to be displaced. Thus, a lubricant with a higher bonded lube ratio has 
the advantage that it will not wear out as quickly as a lubricant with a lower bonded lube ratio. 

Fig. 4 illustrates the potentiostatic corrosion data at 800mV for a magnetic recording 
media having an H- and N-doped carbon overcoat with lubricant layers of g dio e e and g^otraoi 
applied thereto under the same deposition conditions. In Fig. 4, the corrosion charge for the 
same recording media (same magnetic and carbon layers) that were lubed with Z diocw : and-&— 
-tetpwi lubricants is plotted in the y-axis. Potentiostatic corrosion performance is measured as the 
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amount of corrosion charge, i.e, current, produced by the recording media after being immersed 
in an electrolyte for a predetermined amount of time at a fixed polarization potential. The higher 
the corrosion charge given out by the recording media, the worse the corrosion resistance 
provided by the protective overcoat of carbon and lubricant. As shown in Fig. 4, the corrosion 
performance of an overcoat including a carbon layer (H- and N-doped) and a 20 A lubricant 
layer of Z diooo is at least three times better than a protective overcoat consisting of a carbon 
layer (H- and N-doped) and a 20 A lubricant layer of a - totmo r L Thus, as evidenced by the test 
results depicted in Figs. 2-4, the lubricant g dioo e, when used in conjunction with the carbon 
layer, clearly had the overall best corrosion resistance properties. 

In cases where durability requirements desire a certain lubricant mobility, the lubricant 
layer 20 may include a mixture of a highly bonded lubricant having a ^ CTJO functional end 
group, such as Z dio^e , and more mobile lubricants, such as, but not limited to, g "diftc , 
^ol T ' H, and Z totraol (functional perfluoropolyether lubricants), and Z-15 and Z-25 (non- 
functional perfluoropolyether lubricants). Depending upon the particular durability 
requirements, the concentration of highly bonded lubricant ( Z Ava&e ) in the mixture can vary 
from 1-100%. 

Instead of depositing the lubricant layer 20 in a mixture, dual lubricant layers may be 
provided as shown in Fig. 5, with like elements of Fig. 1 indicated with the same reference 
number and those elements requiring modification indicated with a prime ('). As shown in Fig. 
5, the magnetic recording disc 10' includes a protective overcoat 12' having the carbon- 
containing layer 18 on the recording medium 16 and first 22 and second 24 layers of lubricant 
deposited on top of the carbon-containing layer 18. The first layer of lubricant 22 includes a 
highly bonded lubricant having a « » ' 6NG functional end group, such as Z diwo. The first 
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lubricant layer 22 is applied to the carbon-containing layer 18 and is strongly bonded thereto. 

The second lubricant layer 24 may include more mobile lubricants, such as, but not limited to, 

other functional ( Z diae , Z ' dul - T - X , Z-toti^, etc.) and/or non-functional (Z-15, Z-25, 

etc.) perfluoropolyether lubricants. Each of the first 22 and second 24 lubricant layers may be 

deposited according to a variety of known techniques, including, but not limited to, in-situ or ex- 

situ dip-lube or vapor lube processes. In one example, the first layer 22 of strongly bonded 

lubricant has a thickness Y between 1-15 A, with the thickness Z of the second layer 24 of more 

mobile lubricant being such that the total thickness (Y+Z) of the first 22 and second 24 lubricant 

layers is less than 20 A. 

While the present invention has been described with particular reference to the drawings, 

it should be understood that various modifications could be made without departing from the 

£-T>fSc<L 

spirit and scope of the present invention. For example, while Z diooc has been described as the 
preferred lubricant having ai& functional end group, any lubricant having a functional end 
group as > CN& may be utilized without departing from the spirit and scope of the present 
invention. 
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ABSTRACT 

A protective overcoat layer having enhanced corrosion resistance properties is provided 
according to the present invention for use on magnetic recording discs. The protective overcoat 
layer includes a doped or non-doped carbon-containing layer, and a lubricant layer on top of the 
carbon-containing layer, with the lubricant layer having <i < ^C>IO functional end group. The 
carbon-containing layer may have a thickness less than 40 A, while the lubricant layer may have 
a thickness less than 20 A. 
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